The authors prospectively studied the effect of demographic, reproductive, stress-related, and health behavior factors measured at study entry on age of natural menopause in 185 healthy US women. At study entry, women were 42.5-47.5 years old and premenopausal. After a baseline examination (1983)(1984)(1985), women were followed for 7-9 years, during which time they reported on a monthly basis their menstrual status and whether they were taking hormones. Menopausal age was defined as age at the last menstrual period prior to stopping menstruation for 12 months (and not taking hormones). Estimated median age at menopause was 51.5 years for the whole sample. Median age at menopause was earlier for women who reported irregular menstrual cycles at study entry (50.2 years), were African-American (49.3 years), were smokers (50.6 years), or were currently on a weight reduction diet (50.5 years). Psychosocial stress was predictive of an even earlier median age at menopause in African Americans (48.4 years) and in those with irregular cycles at baseline (49.4 years). Results suggest that premenopausal women in their forties who are experiencing irregular menstrual cycles, are smokers, are dieting, or are African-American are likely to reach menopause earlier than their contemporaries. African-American women may have a different "biological clock" than white women, especially when under stress, or they may experience more stress of longer duration. Am J Epidemiol 1997;145: 124-33. blacks; diet; menopause; prospective studies; stress, psychological; whites Understanding the determinants of age at menopause is important, because an early natural menopause increases the length of a woman's exposure to risk factors for diseases related to decreased estrogen levels, such as osteoporosis (1), and may increase the risk of earlier mortality (2). Understanding the determinants of menopausal age is also of clinical importance. Patients in their forties often want to know when they will become menopausal, the characteristics that may predispose them to an early menopause, and whether their own life circumstances and lifestyle make a difference in its timing. The most consistent finding in previous research on age of menopause is that smokers have an earlier menopause, about 1.5 years before nonsmokers (3-5). Available studies are less clear regarding the relation of other factors to age at menopause. With varying frequency, studies have found less education (6, 7), low relative weight (5), Received for publication January 2, 1996, and In final form September 19, 1996. Abbreviation: BMI, body mass index.
Understanding the determinants of age at menopause is important, because an early natural menopause increases the length of a woman's exposure to risk factors for diseases related to decreased estrogen levels, such as osteoporosis (1) , and may increase the risk of earlier mortality (2) . Understanding the determinants of menopausal age is also of clinical importance. Patients in their forties often want to know when they will become menopausal, the characteristics that may predispose them to an early menopause, and whether their own life circumstances and lifestyle make a difference in its timing. The most consistent finding in previous research on age of menopause is that smokers have an earlier menopause, about 1.5 years before nonsmokers (3) (4) (5) . Available studies are less clear regarding the relation of other factors to age at menopause. With varying frequency, studies have found less education (6, 7) , low relative weight (5), nulliparity or having few children (5, 7, 8) , and not using oral contraceptives (7, 9) to be associated with an earlier menopause.
The inconsistent results may be due to the limitations of previous research, most of which has been either cross-sectional or retrospective. The few prospective studies (3, 5, 8) that have been conducted were limited by a short duration of follow-up, by univariate analyses which did not account for the high correlation among predictors, and by retrospective reporting of the cessation of menses. The latter problem leads to crude assessment of the dependent variable and is subject to systematic bias, such as better educated or more health-conscious women reporting more precisely.
Social stress (10) , dieting (11) , and exercise (12) can affect the onset of menarche and the adequacy of ovarian function when women are in their twenties and thirties. Ethnicity can also affect the timing of puberty (13) . Therefore, we expanded the scope of previous studies of determinants of menopausal age to include an investigation of these factors along with those typically included in previous research, such as cigarette smoking, reproductive history, and socioeconomic status, among Caucasian and African-American women. Unlike previous investigations, our study prospec-tively followed, for approximately 8 years, a cohort of women who were premenopausal and between the ages of 42.5 and 47.5 years at the start of the study. During this time, the women reported their menstrual status on a monthly basis. Data on predictors were obtained when the women were still premenopausal and included information on the pattern of menses during the 6 months prior to the baseline assessment. Thus, we were also able to determine whether irregular menses at the beginning of the study, when women were in their forties, signaled an earlier menopause (14) , and whether irregularly menstruating women who reported psychosocial stress, dieting, or high physical activity had an earlier menopause than those who did not.
MATERIALS AND METHODS

Sample and design
Subjects were 185 middle-aged women who were part of a larger population-based sample of women recruited between 1983 and 1985 to participate in a prospective investigation of the effects of menopause on behavioral and biologic cardiovascular risk factors. Information regarding the study's design has been published elsewhere (15) . Briefly, participants at study entry had menstruated sometime in the previous 3 months; were 42-50 years old; were not regularly taking medications that would interfere with the tracking of biologic risk factors (e.g., antihypertensive medications, replacement hormones); and had a diastolic blood pressure less than 100 mmHg.
The sample for the present study consisted of women who were <47.5 years old at baseline and could, as of September 1, 1992, be classified in one of the following four groups: naturally postmenopausal (12 consecutive months without menstruating and not receiving hormone replacement therapy; n = 115), premenopausal (n -38), surgically menopausal (n = 16), or withdrawn from the study when still premenopausal (n = 16). Ten percent of the women were less than 45 years old, 26 percent were aged 45-46, 41 percent were aged 46-47, and 23 percent were aged 47 years or more. The age distribution reflects the study entry criteria, which excluded young postmenopausal women. Typically, age at menopause is defined as age at the last menstrual period, which is determined retrospectively, after a woman has stopped menstruating for 12 months. However, because the use of hormones may induce cyclical bleeding, age at the last menstrual period can be misleading for women who use hormones. Therefore, women who had used hormones in a pattern that could have confounded the date of their last period were also excluded. For example, women who missed one or two periods and then began hormone replacement therapy, using hormones for the next 11 or more months, were excluded because we did not know when their last "natural" bleeding cycle had occurred. We focused on women who were 47.5 years old or less at the start of the study, because women older than that presumably would be very close to the time of the menopause, with little opportunity for predictors of early menopause to be determined prospectively. Since the average age of menopause in previous surveys has been approximately 50-51 years (3, 6) , women aged 47.5-51 were not at risk for an early menopause.
After determination of eligibility was made by telephone and home interview, all women were seen at a university-based clinic for baseline assessment. As described below, during the home visit, each woman provided information on her gynecologic and health history and smoking and eating behavior. At the clinic visit (1-2 months after the home visit), the woman's weight and height were measured; a 24-hour food recall with three-dimensional models of food portions was administered by a trained nutritionist; and the woman completed self-report questionnaires on physical activity, the occurrence of psychosocial stress, and a variety of symptom and personality measures. Menopausal status was tracked by means of monthly postcards on which each woman indicated whether or not she had menstruated that month. Data on hormone use and hysterectomies were also collected. When a woman reported that she had stopped menstruating and/or had taken replacement hormones for 12 months, she was considered postmenopausal and underwent a full examination similar to that of the baseline visit.
Measures
At the home interview, prior to initial clinic assessment, each woman provided information on her reproductive and gynecologic history, including ever use of oral contraceptives, number of pregnancies and live births, regularity of menses between the ages of 20 and 35 years, and, if menses were regular during that time, the usual number of days between cycles. Age 20-35 years is considered to be the time of maximal regularity in a woman's reproductive life. The woman also reported whether her menstrual cycles had been irregular during the previous 6 months. A chi-square analysis indicated that the designation of currently irregular cyclers was not redundant with that of past irregular cyclers; four of the 47 currently irregular cyclers (8. woman who was unsure about the pattern of her past menstrual cycles was not included in this analysis.)
We assessed both short-term events (occurring within the previous 6 months) and long-term, ongoing problems (lasting longer than 6 months). Women were asked to indicate on a modified version of the Pilkonis Life Event Schedule (16, 17) whether or not they had experienced any of 54 events during the 6 months prior to their clinic visit and whether they had had any of five specified problems lasting longer than 6 months. In the case of the 54 events, each woman identified the three most important events that had occurred during the previous 6 months. For both important events and ongoing problems, she then indicated how stressful each event was for her (not very stressful, moderately stressful, or very stressful). Only events and problems endorsed as "very stressful" were considered stressful. Experiencing nonstressful events, moderately stressful events, or no events/problems was defined as a lack of stress. Thus, women who reported either a very stressful event or an ongoing problem were defined as experiencing life stress; ' women who reported neither were considered to have experienced no stress. We categorized women in this manner because we wanted to capture as well as we could any events/problems that were experienced as significantly stressful. We reasoned that very stressful experiences would probably more closely approximate the extreme environmental stressors which a few studies (10) have shown to be related to ovarian dysfunction than would events not perceived as particularly stressful.
Height and weight were obtained with a balance beam scale, and body mass index (BMI) was obtained by dividing body weight in kilograms by height in meters squared. Because of the skewed distribution of BMI values, body mass index was treated as a categorical variable with a high BMI defined as an index greater than 27.3, which corresponds to being about 20 percent overweight. An additional analysis was conducted to compare the very obese and the very lean with the medium-weight individuals. Women were categorized on the basis of the distribution of BMI scores into those in the top 15 percent (BMI > 29.4), those in the bottom 15 percent (BMI < 20.8), and the remaining women. Finally, because of the possibility that large weight gains over young and middle adulthood may be related to menstrual irregularity and ovarian dysfunction and consequently to menopause, we also examined the association of weight change during this period with menopausal age. To do this, we subtracted reported weight at age 20 from measured weight at baseline in the 171 women for whom we had complete data. We divided the sample into tertiles and compared women who lost weight or gained £12 pounds (^5.5 kg) with medium weight gainers (>12 and <27 pounds) and high weight gainers (S27 pounds) (>5.5-<12.3 and >12.3 kg, respectively).
Dietary restriction was assessed by a question asking the women whether they had been on a weight reduction diet within the 6 months prior to the home visit. Additional dietary information obtained during the 24-hour food recall interview was used to estimate total calories consumed and percentage of calories obtained from fat.
Physical activity at baseline was measured with the self-report Paffenbarger Physical Activity Questionnaire, and kilocalories expended during the previous week were calculated by the method suggested by Paffenbarger et al. (18) . The calculation takes into account the amounts of energy exerted in climbing flights of stairs, walking city blocks, and participating in sports and recreational activities. The questionnaire has been shown to have good test-retest reliability over a 1-year period (19) . Because of the highly skewed distribution of kilocalories in our sample, as well as our desire to form a high-exercise group, we divided the women in two ways-above and below the median value of 840 kcal per week, and above and below 2,000 kcal (20 percent of the sample)-and treated physical activity as a categorical variable in all analyses. A physical activity level greater than or equal to 840 reflected at least three 30-minute walks per week and about six city blocks walked per day, whereas 2,000 kcal reflected jogging for 30 minutes daily, climbing 10 flights of stairs, and walking about five city blocks per day. Smoking status was determined by a question asking the women whether they currently smoked.
Statistical analyses
The principal analytic strategy used was survival analyses of life table data. This approach allows for the inclusion of incomplete or censored observations in the estimates of effects of the independent variables of interest on the outcome, age at menopause. The censored data were from women who remained premenopausal, had a hysterectomy, or dropped out of the study prior to becoming postmenopausal; these women were considered at risk for menopause until the end of the study period (September 1, 1992) or the date on which a hysterectomy or dropping out occurred. We first used Kaplan-Meier product-limit survival analysis from the computer program BMDP1L (20, 21) (22) . We also used the Kaplan-Meier analysis to compare menopausal age in the groups of women who were regular or irregular cyclers at baseline and did or did not report a stressor, being on a diet, or engaging in high physical activity.
We then used a Cox proportional hazards model (23, 24) to examine the relation of age at study entry with menopausal age and to verify the assumption of the proportionality of the hazard function in comparing groups of subjects. Because women entered the study at different ages, we used the SAS PHREG (25) procedure to generate the final Cox regression model and relative risks of all explanatory variables that were significant in the univariate analysis. This allowed us to specify the interval of time during which a woman was at risk continuously for menopause. The hazard function (time to menopause) relation of each variable is related to the conditional probability of reaching menopause at time t, given having not reached it up to time t. Thus, a large value for the hazard function corresponds to a relatively short time to menopause. For example, a positive relation between baseline menstrual irregularity and time to menopause indicates that irregular cyclers would tend to reach menopause earlier than regular cyclers. We also used this method to examine the hazard function of the interactions of ethnicity with stress, dieting, and activity. Unless noted otherwise, in all analyses, p values less than 0.05 (two-tailed) were considered statistically significant.
RESULTS
The 185 women in the present study represented 68 percent of the 271 women who were less than 47.5 years old at the start of the study. The remaining 30 percent were excluded because of their use of replacement hormones as described above. Table 1 gives the criteria for entry into the original investigation and illustrates how women were excluded from/included in the present sample. The 12 baseline characteristics of the women in our analyses were similar to those of the excluded hormone users, with two exceptions: a greater proportion of the hormone users had a history of oral contraceptive use (jf = 4.49, p = 0.03) and were leaner (BMI < 27.3; x* = 5.51, p = 0.02). The hormone users also tended to include fewer African Americans (x 2 = 3.20, p = 0.07), which is consistent with previous analyses of the full sample (26, 27) . Thus, the sample on which we based our conclusions was somewhat similar to the entire group of women in this age category. Table 2 presents the characteristics of women who became postmenopausal by the end of the study in comparison with those who were cen- sored. Naturally postmenopausal women were several months older at baseline and included more smokers and more African-American women than did censored women.
The estimated median age at menopause for the entire sample was 51.5 years. Table 3 shows that median age at menopause was lower for women with irregular menstrual cycles at study entry, for AfricanAmerican women, for smokers, and for women who reported that they had had short menstrual cycles between the ages of 20 and 35 (^25 days between cycles). The Cox proportional hazards model with age alone and age with irregular cycles at baseline indicated that age in our sample was not related to menopausal age (relative risk = 0.99, p > 0.05), nor did it alter the relation between baseline irregular cycles and menopausal age (relative risk for irregular cycles = 2.25, p < 0.05). Women who reported having irregular cycles between the ages of 20 and 35 had an older median age at menopause. Women who reported being on a weight reduction diet at baseline, women with a high school education or less, and women who had never had a live birth tended to have earlier ages at menopause. Age at menopause was not related to life stress, physical activity (divided either at the median or as high versus low), or body mass index (divided at 27.3). Although the differences were not statistically significant, it is of interest that the estimated median age of menopause was 50.9 for the heaviest women, 51.5 for the middle-weight group, and 53.4 for the leanest women. Analysis of change in weight between age 20 and the baseline visit showed that median age at menopause was 51.5 for the lowest-change group, 52.3 for the medium-change group, and 50.9 for the highest-change group {p < 0.05). Follow-up analysis showed that the significant effect was accounted for by the women who gained 27 or more pounds (>12.3 kg) over 25 years in comparison with all other women (p < 0.05).
In analyses including all variables that were statistically significant individually, four factors characterized the women who reached an earlier menopause in our sample of 185 women: baseline cycle irregularity, African-American ethnicity, smoking, and being on a weight reduction diet (table 4). (Number of days between periods was not included in these analyses, because these data were available only for the women who historically had had menses on a regular basis. Weight change was also excluded because, as previously noted, 14 women were missing data on weight at age 20.) A second multivariate analysis that included weight change data was conducted in the reduced sample of 171 women. The results showed the same four factors to be significant, along with weight gain of ^27 pounds and having a history of irregular cycles. In the first model, this latter variable was marginally significant.
Although stressful events did not have an overall effect on age at menopause for women generally, we were interested in knowing whether African-American and Caucasian women were differentially affected by such stressors. Indeed, African Americans who reported social stress had a younger age at menopause than all other women (p < 0.06). Follow-up KaplanMeier product-limit survival analysis of the four ethnicity X stress groups showed that median age at menopause for the Caucasian women was 51.6 regardless of whether they reported a stressor. AfricanAmerican women without stress had a median menopausal age of 49.9, whereas those with stress had a median menopausal age of 48.4. Figure 1 illustrates the curves for time to menopause for the four groups.
It is important to know whether, once women begin cycling irregularly, life stress or health behaviors influence the rapidity with which they reach their last menstrual period. Median age at menopause for irregularly cycling women with and without a stressor was 49.4 years (n = 26) and 50.9 years (n = 21), respectively. The Tarone-Ware and Breslow p values for this comparison were 0.07 and 0.03, respectively; the latter statistic gives greater weight to early events, and the former uses a weighting intermediate between the overall Mantel-Cox test and the Breslow test. All women with irregular cycles who reported stress at baseline became menopausal before age 50.5, whereas half of the women in the nonstressed group became Determinants of Menopausa) Age menopausal after age 50.5 (see figure 2) . Among the irregular cyclers, there were no significant differences in median menopausal age between the high-activity (50.1 years, n = 18) and low-activity (50.2 years, n = 29) women or between the dieters (49.0 years, n -9) and the nondieters (50.2 years, n = 38). We examined whether baseline menstrual irregularity was associated with other factors that might help to explain the onset of irregularity. Irregular cyclers were approximately 5 months older, included more African Americans, and reported the occurrence of more life stress at baseline than regular cyclers. None of the other physical or health behavior variables differentiated the two groups of women.
DISCUSSION
The present prospective study evaluated the characteristics of women who experienced menopause earlier than their contemporaries. It had four advantages over previous research: 1) it used prospective monthly assessment of menstrual bleeding; 2) it tested the influence of a variety of demographic, reproductive, behavioral, and stress-related factors based on previous studies of menopause and on knowledge of the factors affecting menstruation at puberty and during the reproductive years; 3) it used survival analyses and multivariate techniques to evaluate independent and interactive effects on age at menopause; and 4) it included a long follow-up period, approximately 8 years. Consistent with previous research, smokers had an earlier age at menopause, whereas women with a history of irregular menses had a later menopausal age. As in almost all other studies, smokers reached menopause about 1.5 years earlier than nonsmokers, perhaps because nicotine affects estrogen production and catabolism (28) . It would be of interest to know whether cessation of smoking in one's early forties would retard the onset of menopause or menopausal symptoms. Women who reported having irregular cycles between the ages of 20 and 35 had a later age at menopause, perhaps because of the prolongation of erratic menstrual functioning or the slower depletion of viable oocytes.
Although irregular cycling in one's forties has generally been viewed as a marker of perimenopause, only one other recent study (14) empirically demonstrated that menstrual irregularity is predictive of the last menstrual period. Our study extends this finding to suggest that irregularity of menses among women in their forties predicts an early menopause.
African-American women reached menopause more than 2 years before Caucasian women, even after adjustment for the effects of other variables. Crosssectional research has shown that African Americans reach menopause 4-8 months earlier than Caucasians (7, 13) . Our finding is particularly noteworthy because African Americans numbered only 19 in our study. This was due to the fact that proportionately more African-American women had not met the study eligibility criteria, because they tended to be hypertensive, to have diabetes, or to have had a hysterectomy (15, 29) . Nonetheless, it is interesting to note that African-American girls reach puberty earlier than Caucasian girls, suggesting that their ovarian age is older at any given chronologic age throughout reproductive life.
This study also suggests several new variables to consider in predicting age at menopause. Women who reported being on a weight reduction diet had an earlier age at menopause. Data from the baseline nutritional interview on intake during the previous 24 hours confirmed that women who were on a weight reduction diet consumed fewer calories than those who were not (1,546 vs. 1,864 calories; p < 0.001), with a smaller percentage of their calories being derived from fat (33 percent vs. 38 percent; p < 0.001); the dieters also tended to be heavier (BMI = 25.8) than the nondieters (BMI = 24.3) (p < 0.10). Although no previous studies of determinants of menopausal age have examined the effect of caloric restriction, primate and human studies do suggest that caloric restriction can affect pubertal timing or can induce amenorrhea in cycling individuals (11) . The fact that the women on weight reduction diets tended to be heavier and were consuming fewer calories suggests that the effects of caloric restriction or low fat might be acute or may be moderated by a history of dieting. The latter possibility is conceivable given the significantly earlier age at menopause for women who had gained the most weight since early adulthood. Perhaps these women dieted more frequently or were less successful at dieting than other women who gained less weight. A clinical trial is needed to evaluate these possibilities.
High physical activity, whether defined as >2,000 kcal per week or as >840 kcal per week (the sample median), was not related to menopausal age. Perhaps menopausal age is only accelerated in women who exercise excessively (e.g., at a level equivalent to competitive ballet dancing). We had very few women in our sample who could be considered excessive exercisers. Our findings indicate that moderate exercise does not negatively impact menopausal age.
Life stress did not accelerate menopausal age, except among the women who were already experiencing irregular cycles or were African-American. Because irregularity and stress were reported at the same time and because the irregular cyclers experienced more stress, these two factors may not be independent. Stress may lead to irregular cycles, and/or irregularity of cycles may influence women's perceptions of the stressfulness of a given life event or ongoing problem. The fact that life stress differed in its relation to the timing of the last menses for African-American and Caucasian women suggests that African-American women may be more biologically affected by stress at this time. On the other hand, endorsing stress at study entry may have a different meaning for AfricanAmerican and Caucasian women, with stress being more severe or of longer duration in African-American women. The latter is consistent with our finding that a significantly greater proportion of African-American women reported experiencing a chronic problem (i.e., a problem lasting for more than 6 months).
Possible underlying mechanisms for all of these effects require study. Hypothalamic dysfunction (11, 30) , such as inhibition of the release of gonadotropinreleasing hormone and of gonadotropin production, and subsequent suppression of the gonadal steroids estrogen and progesterone (31) may contribute to the suspension of menses. On the other hand, factors that contribute to the quality of the remaining oocytes in the perimenopausal years may also be involved.
The present study had several limitations. These included a small number of African-American women and small numbers in the subgroups of stressed versus nonstressed women and dieters versus nondieters. Additionally, interpretation of these results may be somewhat limited because selection criteria for the original study excluded young postmenopausal women. Therefore, we do not know whether the characteristics predictive of an earlier menopause in our sample would also be associated with an early menopause in the late thirties or early forties. The exclusion of hormone users was also a limitation, because of our inability to determine the age at which these women may have become naturally menopausal and thus the way in which their absence may have influenced our results. The current analyses showed that the hormone users and the women in this sample (non-hormone users) were somewhat similar with respect to the characteristics examined in this study, while prior analyses (27) of the entire sample found that the hormone users were better educated, more likely to be Caucasian, healthier with respect to cardiovascular risk factors, and more physically active. It is unclear how these differences might bias our results, because those characteristics were not significantly related to menopausal age. Despite the absence of these two groups of women, the prospective identification in our study of factors related to age at menopause suggests directions for future research and for expanding our understanding of endocrinology and the mechanisms responsible for the cessation of menses.
In summary, our results suggest that smoking, being African-American, having irregular menstrual cycles in one's forties, gaining at least 27 pounds between the ages of 20 and 45 years, and dieting are all related to an earlier menopause and that psychosocial stress further accelerates the menopausal transition in irregular cyclers and African-American women. To our knowledge, this is the first study that has investigated the impact of current health behaviors and life stress on menopausal age and is the first to have determined prospectively that African-American women may have a different "biological clock" than Caucasian women. It is important that additional longitudinal studies with larger samples of African-American women and better measures of stress and health behaviors be conducted. There is also a need for investigators to examine more carefully the influence of these factors on the functioning of the hypothalamicpituitary-gonadal axis during the menopausal transition.
